ABSTRACT: The core ideas of the proposed framework for empirical aesthetics are interpreted as focusing on processes, interaction, and phenomenological experience. This commentary first touches on some methodological impediments to developing theories of processing and interaction, and emphasizes the necessity of computational cognitive modeling using robots to test the empirical adequacy of such theories. Further, the importance of developing and integrating phenomenological methods into current experimental research is stressed, using experimental phenomenology as reference. Situated cognition, affective computing, human-robot interaction research, computational cognitive modeling and social and cultural neuroscience are noted as providing relevant insight into the empirical adequacy of current theories of cognitive and emotional processing. In the near future these fields will have a stimulating impact on empirical aesthetics and research on music and the mind.
INTRODUCTION

WITH "Shaping and Co-Shaping Forms of Vitality in Music: Beyond Cognitivist and Emotivist
Approaches to Musical Expressiveness" Dr. Jin Hyun Kim proposes a conceptual framework for empirical research on aesthetics, in particular the aesthetics of music. The topic of the proposal accords with current discourse on aesthetics, emotions, consciousness, and empathy in philosophy, psychology, and the neurosciences (Bacci & Melcher, 2011; Coplan & Goldie, 2011; Schellekens & Goldie, 2011; Shimanura & Palmer, 2012) . It is also related to current research on music, meaning, gesture, movement (Godøy & Leman, 2010; Gritten & King, 2011) , and communicative musicality (Malloch & Trevarthen, 2009) .
At present, meaningfulness of music is mainly discussed focusing on sound, emotions, and aesthetic emotions (Koelsch, 2013; Sander, 2013; Silvia, 2005 Silvia, , 2009 Robinson, 2009 Robinson, , 2010 ). Kim's analysis of current discussions in research on musical emotions and aesthetics in philosophy, psychology, and cognitive neuroscience reveals a general empiricist stance associated with an epistemological subjectobject dualism leading to a methodological activity-passivity dichotomy in empirical research, in particular in experimental design; in response to these epistemological and methodological problems, she offers a framework extending such conceptualizations of music and aesthetics. The proposal's core idea is that musical expressiveness and aesthetic experience are shaped or formed during a continuous process of realization, i.e. during actions of production and reception. Musical expressiveness, forms of vitality, and shaping/co-shaping are introduced as key concepts. "Musical expressiveness" indicates that the proposed approach to musical aesthetics encompasses appreciation as rooted in a subject, i.e. a person's phenomenal experience, and an object, i.e. musical sound. "Forms of vitality" provide a means to reconcile the epistemological subject and object of expressiveness, i.e. phenomenological experience and musical sounds. The meaningfulness of aesthetic experience is created--shaped and co-shaped--by humans in a process of continuous realization; the interactive processes that are the shaping and co-shaping of forms of vitality constitute the basis for (re)creating meaningful aesthetic experiences leading to musical expressiveness.
Notably, in general, this framework is in accordance with genetic epistemology (Piaget, 1970 (Piaget, /1983 and with a schema-based action-oriented approach to action, music, and language (Arbib, 2003 (Arbib, , 2013 . Furthermore, Kim proposes developing an approach to experimental research in neurophenomenology that deals with aesthetic experience from a first-person perspective. The conception of aesthetic experience based on shaping and co-shaping is a promising basis for the development of a feasible empirical research strategy as well as ideas for corresponding experimental designs. In total, Kim's proposal entails research on interaction, processes, and phenomenological experience. To this end, a theory of processing and interaction in connection with a theory of consciousness is necessary, which, to my mind, presents three further requirements for empirical aesthetics: 1) Integration of computational cognitive modeling in addition to the development of experimental methods for studying mental processes (Bower & Clapper, 1989) ; 2) computational models of emotional processes related to music and aesthetics; and 3) a methodology for phenomenology in empirical research and experiments.
DYNAMICS OF INTERACTION: EMPIRICAL ADEQUACY AND COMPUTATIONAL COGNITIVE MODELING
Efforts at analyzing and explaining interactions and processes, as well as testing proposed models and theories, require computational cognitive modeling (Sun, 2008) . In terms of an action-oriented approach to music and aesthetics, it is necessary to give empirical evidence for a functional architecture consisting of schemas, and to strive for an explanation of their dynamics; those dynamics can be studied by investigating processes, which are realized by mechanisms carrying out specific operations. These mechanisms are biophysically observable phenomena implementing operations; operations--e.g., attention, empathy, emotion, memory--are hypothetical constructs, theoretical concepts to be related to biophysical processes or structures. Despite several theoretical problems concerning the explanation of the concept of computation, these operations-as parts of a functional architecture and potential processes in time-are currently best conceived of as (effective) procedures, i.e. mathematical and logical descriptions (of empirical phenomena) subsumable under the concept of Turing-machine computability. My claim, then, is that computational cognitive modeling using robots is necessary to test the empirical adequacy of theories of processing and interaction. Computational cognitive modeling provides a feasibility test for hypotheses on the realizability of processes and interactions implied by a certain model. If computational modeling is used in connection with robots, the feasibility test becomes a test of empirical adequacy--real-time exhibition of a task in our world. Successfully dancing a sarabande, for example, could be a robot's task in testing the empirical adequacy of a dynamic systems approach to attention and rhythm perception in music (Large, 2010; Port, 2003) using computational cognitive modeling with a robot. In general, successfully testing a model in a scenario involving robots is evidence of its real-world realizability, and the model not only serves as a summary of empirical data with some predictive capacity that relies only on plausibility arguments for its empirical relevance but becomes an empirically confirmed hypothesis. Another more general advantage of computational cognitive modeling is that the metaphor "cognition as computational process or computation" often used in (cognitive) psychology and the neurosciences becomes a scientifically relevant concept providing theoretically and empirically convincing explanations. In addition, computational cognitive modeling using robots provides a bridge to frameworks for more rigorous analysis of theories and formal descriptions of processes and interactions (cf. Wells, 2006). These formal theories or concepts in turn might be used metaphorically as heuristics in empirical research and their empirical adequacy tested by computational cognitive modeling.
As long as such functional architectures have not been successfully tested under real-world conditions-specifically, implemented with robots or virtual agents interacting with our world-their empirical adequacy is left unsettled and open to questioning of its scientific validity. Computational cognitive modeling using robots is thus essential for testing the empirical adequacy of mathematical models, explicit theories, and formal models of processes and interaction; to my mind, it is at present the most appropriate method for testing the empirical adequacy of theories of processing and interaction, as well as crucial in the development of such theories in the first place.
AESTHETICS: AFFECTIVE COMPUTING AND EMOTIONAL PROCESSES
In aesthetics and music--and cognition in general (Pessoa, 2009 )--the role of emotions cannot be neglected. In developing a theory of aesthetic or music appreciation which takes the dynamics of processes and interactions into account, it is important to study emotions as modes of operations instead of entities (Fellous, 2006) . The existing important models of emotional processing, Scherer (2010) and Sander (2013) , provide hypotheses about functional architectures; however, the alleged interactions of their components and time courses are merely metaphorical descriptions of the processes involved. Their empirical adequacy as models or theories of processing thus needs to be tested in future research.
To get a clearer view of the dynamics of musical and aesthetic emotions, experimental research is necessary, but insufficient by itself. Testing current theories based on conceptual analysis and empirical evidence-in pursuit of developing ideas about the dynamics of aesthetic emotions as feelings, their role in social interaction, and their cultural embedding-requires computational modeling of emotional processes. Much work remains to be done towards this end, in general and in research on music in particular. In music research, computational cognitive modeling is still in its infancy; recent surveys also reveal that computational models of musical emotion processing are lacking (Eerola, 2012; Temperley, 2013) . The complexity of the situation is further heightened because for emotional processing in aesthetics and music, the role of phenomenological consciousness, social interaction, and cultural situatedness needs to be taken into account.
[1] A schema theoretic and action-oriented approach to empirical aesthetics and music needs to be extended to research on social schemas to enable this (Seifert, 2011) .
Several first proposals for principles or guidelines concerning computational modeling of emotion, in particular emotion generation and effect, exist (Fellous & Ledoux, 2005; Gunes & Schuller, 2013; Hudlicka, 2011; Marsella, Gratch, & Petta, 2010; Roesch, Korsten, Fragopanagos, Taylor, Grandjean, & Sander, 2011) . New insights into and stimulation of research on aesthetics and music are offered by actionoriented approaches and situated cognition (Robbins & Aydede, 2009; Seifert, 2011; Seifert et al., 2013) , affective computing (Gökçay & Yildirim, 2011; Scherer, Bänziger, & Roesch, 2010) , human-robot interaction (Dautenhahn, 2007) , and musical robotics (Solis & Ng, 2011)--or more generally, research on social human-agent interaction, in particular in New Media Art and entertainment-in connection with cultural and social cognitive neuroscience (Han, Northoff, Vogeley, Wexler, Kitayama, & Varnum, 2013) as well as phenomenological approaches in experimental research (cf. Albertazzi, 2013) .
AESTHETIC EXPERIENCE: PHENOMENOLOGICAL DESCRIPTIONS AND EXPERIMENTAL RESEARCH
Empirical research on aesthetics, music, and emotion cannot avoid taking consciousness and experience, i.e. a first-person perspective or the phenomenological mind (Jackendoff, 1987) , into account (Clarke & Clarke, 2011; Leman, 2008; Northoff, 2012; Shimanura & Palmer, 2012; Tsuchiya & Adolphs, 2007) .
Although there is an enormous number of techniques available in the current methodology of psychology, an explicit methodology of experiential descriptions to study consciousness and phenomenal experience is lacking; in experimental and cognitive psychology and a fortiori in cognitive neuroscience there are almost no methods taking the first-person perspective into consideration (Gadenne, 1996, p. 13) . Kim is well aware of such methodological desiderata and proposes a neurophenomenological approach, which might offer the possibility of linking descriptions of phenomenological experiences with neuroscientific data of their neural substrates. To advance methodological thinking and develop new experimental designs in current music research and aesthetics, a discussion about introspection, phenomenological methods and practical applications in experimental contexts seems necessary. Some remarks on experimental phenomenology are here presented to point to possible topics for future discussion, and to add ideas about the role of phenomenology in cognitive science and empirical research (cf. Petitot, Varela, Pachoud, & Roy, 1999) .
Rainer Mausfeld (2011; advocates experimental phenomenology in research on perception and draws attention to the importance of careful phenomenological descriptions in investigating fundamental principles of perception. Such descriptions should precede theoretical and experimental considerations, and "achievements must be not contaminated with physical or physiological considerations" (Mausfeld, 2013, p. 95) . In accordance with Mausfeld and to ensure greater reliability of introspective reports in neuroscientific investigations, Shallice and Cooper (2011, p. 443) propose initially using phenomenological descriptions, followed by "correlat[ion] with cognitive neuroscience evidence." They conclude that the subject's expertise is relevant to the task, and that degree of expertise "should depend on the type of task." This raises methodological questions for experimental studies investigating aesthetic experience: What tasks might be relevant to investigate aesthetic experience, and thus should be used in experimental design? Depending on the task, what degree of expertise should the subjects have? How could that degree be determined? What are relevant experiences to focus on? Empirical Musicology Review Vol. 8, No. 3-4, 2013 Experimental phenomenology requires methodological reconsiderations about experimental research (cf. Kuboy, 1999, p. 347) . These reconsiderations might take phenomenological descriptions, such as those of the (philosophical and psychological) phenomenology in the Husserlian tradition, into account (Bischof, 2009; Dreyfus, 1982; Petitot et al., 1999) . For example, such descriptions could be used to modify or refine experimental and modeling studies. Considerations in experimental phenomenology can be found in Gestalt or act psychology as developed by Carl Stumpf, Vittorio Benussi, Liliana Albertazzi, Giovanni Vicario, and Paolo Bozzi, to name just a few. In empirical research investigating mental processes, phenomenological reports might also be used to reconstruct the conceptual framework determining the (cultural and social) constraints involved in structuring aesthetic processing. Then, such reports might offer the possibility of discovering or at least giving some hints about relevant general structures, entities, or operations involved in the functional architecture underlying actual mental processing.
CONCLUDING REMARKS
The previous remarks outline the challenging and highly complex problems in the study of empirical aesthetics focusing on processes and interactions, and the consequent urgent need to develop appropriate concepts, tools and empirical methods. New theoretical concepts and research methods for the acquisition of relevant data and tools for analysis are required to advance empirical aesthetics conceptually and empirically as the theory of processing and interaction. While advancing the field calls for an integration of experimental research and computational cognitive modeling, such modeling of emotional processes in aesthetics and music at present is lacking. Moreover, empirical aesthetics has to address methodological problems concerning research on the phenomenal mind, such as phenomenal consciousness, second-order consciousness, intentionality, and first-person perspective. As a result, computational modeling of emotional processes is particularly essential.
Computational cognitive modeling, situated cognition, affective computing, musical robotics, and human-robot interaction--in connection with experimental phenomenology, and social and cultural neuroscience--will provide new data and insights and thus will, in the near future, have a stimulating impact on empirical aesthetics, music research, and research on the (individual and collective) mind. A joint endeavor of theorists, experimentalists, and modelers from different disciplines will be necessary to deal with these challenges and possibilities.
NOTES
[1] For a brief discussion about the possibility of feelings in animals and animats, i.e. machines, cf. Cruse (2009, pp. 185-190) .
